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Description 

BACKGROUND OF THE INVENTION 

5 1 . Rdd of the Invention 

The present Invention relates to a mobile image apparatus such as a liquid-crystal television and a portable video 
apparatus, and more particularly, to a mobile image apparatus having an antenna disposed at least one of within said 
case unit and outside said case unit The present invention also relates to an antenna apparatus associated with the 
10 above described mobile image apparatus. 

2. Related Art of the Invention 

Rg. 28 illustrates a conventional mobile image apparatus. A mobile Image apparatus 450 has a case unit 451, an 
15 antenna 452 connected to the case unit 451 . and an image display unit 453 for displaying radio waves carried on the 
antenna 452 as a video image. 

Generally, the antenna 452 is an elastic monopole antenna, and is formed by, as shown in Rg. 29, mounting a radi- 
ation device 455 having a length of 1/4 k {X: the wavelength at a resonant frequency) on a ground, for examfrfe, a case 
unit. One end of the radiation device 455 serves as a power supply section 456 connected to a power supply source V. 
20 while the other end of the radiation device 455 serves as an open end 457. When the antenna 452 is pulled out for use, 
the radiation device 455 is extended to be about 1/4 X. 

However, the above known type of mobile image apparatus presents the following problem. The length of the radi- 
ation device while the receiving operation is performed is X/4, the radiation device is extended to be approximately 60 
cm Accordingly, the mobile image aii^aratus is unstable and falls or bends even with a small impact Thus, the mobile 
25 image apparatus is dangerous and difficult to use. 

SUMMARY OF THE INVENTION 

Accordingly, in order to overcome the above problem, rt is an object of the present invention to provide a stable 
30 mobile image apparatus in which an antenna does net proje'Jt from a Cai.;f5g unit even w'-iIIb a receiving oparatior! is per- 
formed, /^d, it is another object of the present invention to provide a small antenna apparatus that does not protrude 
from the case body of the portable video apparatus even during reception. 

The present invention provides a mobile image apparatus, comprising: a case unit; at least one antenna disposed 
at least one of within said case unit and outside said case unit; wherein said chip antenna comprises; a substrate made 
35 of at least one of a dielectric material and a magnetic material; at least one conductor disposed at least one of within 
said substrate and on a surface of said substrate; at least one power feeding terminal disposed on a surface of said 
substrate and connected to one end of said conductor for applying a voltage to said conductor. 

/\ccording to the above described mobile image apparatus, a chip antenna having a conductor at least in one area 
of a dielectric or magnetic substrate, i.e., on a surtece of the substrate or within the sutistrate, is used, thereby decreas- 
40 ing the propagation velocity and shortening the wavelength. Accordingly, when the relative dielectric constant of the 
substrate Is indicated by s, the effective line length increases by a factor of e^'^. i.e., the effective line length of the chip 
antenna Is longer than that of a conventionally used rod antenna. Consequently, if the effective line length of the chip 
antenna is set the same as that of a conventionally used rod antenna, the size of the chip antenna is much smaller than 
that of the rod antenna, thereby making it possible to easily integrate the antenna into the case unit. As a result, the 
45 antenna does not project from the case unit even while the receiving operation is performed. And, even if the chip 
antenna is disposed outside the case unit the problems described above would not occur. 

In the above described mobile image apparatus, said chip antenna may further conprise at least one free terminal 
disposed on a surface of said substrate and connected to the other end of scud conductor. 

In the above described mobile image apparatus, an extra antenna may be connected to one of said power feeding 
so terminal and said free terrdnal. 

According to the above described mobile inwge apparatus, an extra antenna is connected to the power feeding ter- 
minal or the free terminal of one of the chip antennas, thereby easily increasing the lengths of the conductors provided 
Ibr the antennas. It Is thus possible to receive with high sensitivity a lower frequency band in which a longer conductor 
is required. 

55 In the above described mobile image apparatus, a plurality of said chip antennas are provided. Said antennas may 
be connected to each other, and may be provided In accordance with receiving frequencies. Further, said plurality of 
chip antennas may be connected in series by.connecting their respective free tenninals to power feeding terminals. 
According to the above desaibed mobile image apparatus, the antenna apparatus possesses a plurality of reso- 
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nance frequencies, and a wider band off the antenna apparatus can be realized. Therefore, an antenna apparatus 
smaller than the conventional monopole antenna is capable of receiving the VHP band and the UHF band. It is thus pos- 
sible to obtain a stable mobile image apparatus. 

tn the above described mobile image apparatus, at least one variable capacitance element may be connected to 
said free terminal of the chip antenna. One of said variable capacitance elements may be connected to said free termi- 
nal of the chip antenna at the final stage of said plurality of chip antennas which are connected to each other in series. 

Accordng to the mobile image apparatus, bv varying the capacitance value of the variable capacitance element, 
the capacitance components of the antenna element can be varied. Therefore, only the lowest resonance frequency 
can be moved without moving the other resonance frequencies. As a result, since the antenna appsu^atus is capable of 
receiving a lower frequency range, the portable video apparatus in which the antenna apparatus is mounted is capable 
of receiving a lower frequency range. 

In the above described mobile image apparatus, a radiation conductor may be connected to said free terminal of 
the chip amenna at the final stage. 

Since a radiation conductor functions as a part of the antenna apparatus, the radiation area of the antenna appa- 
ratus is increased. Therefore, even if the chip antenna is formed into a smaller size, the gain of the antenna apparatus 
can be maintained without being, decreased. 

In the above described mobile image apparatus, a capacitance element may be connected between at least one of 
the connection points of said free terminal and said power feeding terminal, and a ground. 

Since a capacitance element is connected between the connection point of the free terminal and the power feeding 
terminal, and a ground, the resonance frequency of the antenna apparatus can be moved to low frequencies, and as a 
result the band of the antenna apparatus can be moved to low frequencies. Therefore, by controlling the capacitance 
value of the capacitance element, the receiving band of the antenna apparatus can be varied to a desired band. 

In the above descrbed mobile image apparatus, a switching element may be connected in series to said capaci- 
tance element. 

Since a switching element is connected between the capacitance element and the ground, by turning on/off the 
switching element, tfie band of the antenna apparatus can be moved. Therefore, it l>ecomes possible for one antenna 
apparatus to be provided with a plurality of bands, and as a resuK. a portable video apparatus in whidi this one small 
antenna apparatus is mounted becomes capable of receiving a signal of a wide range of frequencies at a sensitivity 
equal to that of the conventional monopole antenna. 

In the above described mobile image apparatus, a coaxial c^e may be connected to the power feeding terminal 
of tiie chip antenna at the first stage of said plurality of chip antennas which are connected to each other in series. 

Since a coaxial cable is connected to the power feeding terminal of the chip antenna at the first stage of the plurality 
of chip antennas which are connected in series, when digital noise is generated from ttie portable video apparatus in 
which the antenna apparatus is mounted, a shielded coaxial cable cuts off the digital noise. Therefore, it is possible to 
-pjrevsnt the antenna apparatus from receiving digital noise from the portable video apparatus in which the antenna 
apparatus is mounted. 

In the alxjve described mobile image apparatus, said chip antenna further comprise a trimming electrode disposed 
at least one of within said subsfrate and on a surface of said substrate and connected to the other end of said conductor. 
- Said frimming electrode may be covered by a resin layer. 

Since a trimming elecfrode connected to the other end of a conductor is provided, a capacitive coupling is formed 
between the trimming electrode and each of the conductor and a ground of a mobile communication unit on which the 
chip antenna is mounted. Accordingly, by adjusting the area of the trimming electrode, the amount of the capacitive cou- 
pling can be adjustable, thereby maWng it possible to adjust the resonant frequency of the chip antenna. As a result, 
the resonant frequency is easily adjustable in the manufacturing process of the chip antenna, thereby improving the 
yield of the chip antenna. 

Since the trimming elecfrode is coated with a resin layer, the environment-resistance and characteristics are 
improved and further the reliability of the chip antenna is enhanced. 

In the above described mobile image apparatus, said substrate may be ftxmed by laminating a plurality of layers 
together, the layers each having a major surface; and said trimming electrode may be disposed on one of the major sur- 
faces of said layers. 

In the at>ove described mobile image apparatus, said substrate may be formed by lanrvnating a plurality of layers 
together, the layers each having a n^jor surface and the subsfrate having a laminating direction normal to the major 
surface; and said conductor may be spiral shaped and having a spiral axis disposed perpendicular to the laminating 
direction of said subsfrate. 

In the above desaibed mobile image apparabis. said conductor may be formed in a plane on one of a surface of 
the subsfrate in a meander shape. 

The present invention further provides an antenna apparatus, comprising; a plurality of chip antennas connected 
to each other and having a different resonance frequency respectively, each of said chip antennas comprising: a sub- 
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strate made of at least one of a dielectric material and a magnetic material; at least one conductor disposed at least 
one of within said substrate and on a surtece of said substrate; at least one power feeding terninal disposed on a sur- 
fcice of said siriisttate and connected to one end of said conductor for applying a voltage to said conductor: and at least 
one free terminal disposed on a surface of said substrate and connected to the other end of said conductor. 

In the above described antenna apparatus, said plurality of chip antennas may be connected in so^ies by connect- 
ing their respective free terminals to power feeding terminals. 

In the above described antenna apparatus, at least one variable capacitance element may be connected to said 
free terntinal of the chip antenna. One of said variable capacitance elements may be connected to said free terminal of 
the chip antenna at the final stage of said plurality of chip antennas which are connected to each other in series. 

In the above described antenna apparatus, a radiation conductor may be connected to said free terntinal of the chip 
antenna at the final stage. 

In the above described antenna apparatus, a capacitance element may be connected between at least one of the 
connection points of said free terminal and said power feeding terminal, and a ground. 

In the above described antenna apparatus, a switching element may be connected In series to said capacitance 
element. 

In the above described antenna apparatus, a coaxial cable may be connected to the power feeding terminal of the 
chip antenna at the f ffst stage of said plurality of chip antennas which are connected to each other in series. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Rg. 1 is a perspective view illustrating a first embodiment of a mobile image apparatus of the present invention. 
Fig. 2 is a perspective view illustrating a chip antenna forming the mobile image device shown in Rg. 1 . 
Rg. 3 is an exploded perspective \^ew illustrating the chip antenna shown in Fig. 2. 
Rg. 4 is a front view illustrating the inner portion of the mobile image apparatus shown in Rg. 1 
Rg. 5 is a perspective view illustrating an examine of modifications made to the chip antenna shown in Fig. 2. 
Rg. 6 is a perspective view illustrating another example of modifications made to the chip antenna shown in Fig. 2. 
Rg. 7 is a front view illustrating the inner portion of a second embodiment of a mobile image apparatus of the 
present invention. 

Rg. 8 is a perspective view illustrating a third embodiment of a chip antenna of the present invention. 

Fig. 9 is an expioded perspectivs vie.v illuslrating th9 chip antenna s!iov/n in Fig. 8. 

Rg. 10 is a perspective view illustrating an example of modifications made to the chip antenna shown in Fig. 8. 
Rg. 11 is a perspective view illustrating another example of modifications made to Ihe chip antenna shown in Fig. 8. 
Rg. 12 is a perspective view illustrating a fourth embodiment of a chip antenna of the present invention. 
Rg. 13 is a diagram illustrating the relationship between the area of the trimming electrode and the resonant fre- 
quency of the chip antenna. 

Rg. 14 is a perspective view illustrating the chip antenna shown in Fig. 8 provided with ttie partially cut tiimming 
elect-ode. 

Rg. 15 is a perspective view illustrating a fifth embodiment of a chip antenna of the present invention. 
Rgs. 16(a) is a top view illustrating an internally hollowed-out shape as an example of a modification made to tiie 
trimming etecfode. 

Rgs. 16(b) is a top view illustrating a contb-lite shape as an example of a modification made to the trlmnrting elec- 
trode. 

Figs. 16(c) is a top view illustrating a group-like shape as an example of a mocBfication made to the frimming elec- 
trode. 

Rg. 17 is a partial top plan view of a sixth embodiment of an antenna apparatus of tiie present invention. 

Rg. 18 is a view showing the frequency characteristics of the antenna apparatus of Fig. 17. 

Fig. 19 is a partial top plan view of a seventh embodiment of tiie antenna apparatus of tiie present invention. 

Rg. 20 is a view showing the frequency characteristics in the case where ttie capacitance value of a variable capac- 
itance element Is 0.5 pF in ttie antenna apparatus of Fig. 19. 

Fig. 21 is a view showing tiie frequency characteristics in flie case where tfie capacitance value of the variable 
capacitance element is 1 .5 pF in the antenna apparatus of Rg. 19. 

Rg. 22 is a partial top plan view of an eighth enixxliment of the antenna apparatus of the present invention. 

Rg. 23 is a view showing tiie frequency characteristics of the antenna apparatus of Rg. 22. 

Fig. 24 is a partial top plan view of a ninth embodiment of tiie antenna apparatus of tiie present invention. 

Rg. 25 is a view showing tiie frequency characteristics in tiie case where the switching element is off in tiie antenna 
apparatusof Fig. 24. 

Fig. 26 is a view showing the frequency characteristics in ttie case where the switching element Is on in the antenna 
apparatus of Rg. 24. 
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Fig. 27 is a partial top plan view of a tentli embodiment of the antenna apparatus of the.present invention. 
Fig. 28 is a front view illustrating a conventional mobile image apparatus. 

Fig. 29 is a perspective view illustrating a rod antenna forming the mobile image apparatus shewn in Rg. 28. 

• 5 PREFERRED EMBODIMENT OF THE PRESENT INVENTION 

Other features and advantages of the present invention will become apparent from the following description of pre- 
ferred embodiments of the invention which refers to the accompanying drawings. 

Fig. 1 is a perspective view illustrating a lirsi embodiment of a mobile image apparatus of the present invention. A 
10 mobile image apparatus 10 is formed of a case unit 11, chip antennas 12. 12 t)uilt into the case unit 11, a mounting 
tsoard 13 on which the chip antennas 12. 12 are mounted, and an image display unit 14 for displaying radio waves car- 
ried on the chip antennas 1 2, 1 2 as an image. It should be noted that the circuit on the mounting board is not shown in 
Fig. 1. 

Figs. 2 arKi 3 are respectively a perspective view and an exploded perspective view of the ctiip antenna shown in 

15 Fig. 1 . The chip antenna 12 has a conductor 2. a power feeding terminal 3, and a free terminal 4. The conductor 2 is 
spirally wound within a rectangular-prism substrate 1 in the longitudinal direction of the substrate 1. The power feeding 
terminal 3 is formed over surfaces of the substrate 1 in order to apply a voltage to the conductor 2 and is connected to 
one end of the conductor 2. The free terminal 4 is connected to the other end of the conductor 2. 

The substrate 1 formed by laminating rectangular sheet layers 5a through 5c made of a dielectric material (relative 

so dielectric constarrt: approximately 6.1) essentially consisting of barium oxide, aluminum oxide, and silica. Provided on 
the surfaces of the sheet layers 5a and 5b by means such as printing, vapor-d^siting, laminating, or plating are con- 
ductor patterns 6a through 6g which are linearly formed or generally formed in an L shape and are made of copper or 
a copper alloy. Moreover, via-holes 7 are provided at predetermined positions (both ends of each of the conductor pat- 
terns Be through 6g) on the sheet layer 5b through the thickness of the sheet layer 5b. 

2S Then, tiie sheet layers 5a through 5c are laminated and sintered, and the conductor patterns 6a through 6h are 
connected through the via-holes 7, thereby forming the conductor 2 spirally wound within the substrate 1 in the longitu- 
dinal direction of the substrate 1 and having a rectangular shape in winding cross section. 

One end (one end of the conductor pattern 6a) of the conductor 2 is led to the surface of the substrate 1 and is con- 
nected to the power feeding terminal 3 provided over tiie surfaces of tfie substirate 1 in order to apply a voftage to the 

30 conductor 2. The other end (one end of the conductor pattern 6d) of the conductor 2 is also led to the surface of the 
substrate 1 and is connected to the free terminal 4. 

Fig. 4 is a front view illustrating tiie inner portion of ttie mobile image apparatus 10 from which the image display 
unit..13 is removed in order to explEiin in detail how the chip antennas 12 are integrated into the case unit. The chip 
antennas 12, 12 are mounted on the mounting board 13 which is made of a glass epoxy resin and is provided with 

35 transmission lines 1 5, 1 5 and a ground electrode 1 6. In ttiis state, the power feeding terminals 3, 3 are each connected 
to one end of each of ttie transmission lines 15, 15. The other ends of the ft-ansmission lines 15, 15 are connected to a 
high-frequency circuit (not shown) formed on the reverse surface of the mounting tx>ard 13. The ground electrode 16 is 
connected to a ground, for example, the case unit 1 1 of the mobile image apparatus 10. 

One of the chip antennas 12. 12 is used foe Vne VHF band (30 MHz to 300 MHz) having a smaller rec^ving fre- 

40 quency band, while ttie other antenna 12 is used for the UHF bani (300 MHz to 3 GHz) having a larger receiving fre- 
quency band. 

Figs. 5 and 6 are perspective views illustrating examples of modifications made to the chip antenna shown in Rg. 
2. A chip antenna 12a shown in Fig. 5 has a rectangular-prism substrate la, a conductor 2a, a power feeding terminal 
3a, and a free terminal 4a. The conductor 2a is spirally wound along the surfaces of the substi-ate 1 a in the longitudinal 

45 direction of the substrate 1 a. The power feeding terminal 3a is formed over surfaces of the subst-ate 1 a in order to apply 
a voltage to the conductor 2a and is connected to one end of the conductor 2a. The free terminal 4a is formed over sur- 
faces of the substi-ate la and is connected to the other end of the conductor 2a. In tiiis modification, it is easy to form 
the conductor 2a spirally on the surfoces of the sutistrate la by means such as screen-printing, thereby simplifying the 
manufacturing process of the chip antenna 12a. 

50 A chip antenna 12b stiown in Fig. 6 is formed of a rectangular-prism substrate lb a conductor 2b formed in a 
meandering shape on a surface (one main surface) of tiie substirate 1 b, a power feeding terminal 3b, and a free terminal 
4b. The power feeding terminal 3b is provided over surfaces of the substrate lb in order to apply a voltage to the con- 
ductor 2b and is connected to one end of the conductor 2b. The free terminal 4b is formed over surfaces of the substrate 
lb and is connected to the other end of the conductor 2b. In this modification, since the meandering conductor 2b is 

55 formed only on one main surface of the substrate lb. tiie height of tiie substi-ate lb is reduced, tiiereby making it pos- 
sible to deaease the height of the chip antenna 12b. It should be noted that the meandering conductor may be pro- 
vided within the substrate lb. 

According to the mobile image apparatus of the foregoing first embodiment two chip antennas, which are allocated 
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to the VHF band and the UHF band, respectively, whose frequency bands greatly differ from each other, are buiK into 
the case unit. Consequently, unlike conventionatly used antennas, the size of the antenna is not required to t>e 
increased, thereby obtaining a stable mobile image apparatus. 

Fig. 7 is a front view illustrating the inner portion of a second embodiment of a nwbile image apparatus of the 

s present invention. A mobile image apparatus 20 differs firom the mobile image apparatus 1 0 of the first embodiment in 
that anottier cfiip antenna 21 is connected in series to one of the chip antennas 12. Namely, a free terminal 4 of the chip 
antenna 12 is connected to a power feeding terminal 22 of the chip antenna 21 via a transmission line 23. It should be 
noted that the chip antenna 21 is constructed similarly to the chip antenna 12 (Fig. 2). 

According to the mobile image apparatus of the above<lescribed second embodiment, two chip antennas are con- 

10 nected in series to each other, thereby easily increasing the lengths of the conductors. It is thus possible to perform the 
receiving operation with high sensitivity even in the VHF band, in other words, in a lower frequency band in which a 
longer conductor is required. 

The VHF band having a center frequency of 150 MHz was received by using chip antennas tiaving dimensions of 
8 mm X 5 mm x 2 mm connected in series to each other and by using a conventionally used rod antenna having a length 

IS of 75 cm. Moreover, the UHF band having a center frequency of 800 MHz was received by using one chip antenna hav- 
ing dimensions of 8 mm x 5 mm x 2 mm and tjy using a conventionally used rod antenna having a length of 75 cm. The 
above'described examples show that there was very little difference in the gain in all the channels between this embod- 
iment arxl known mobile image apparatuses. Thus, it has been proved that the mobile image apparatuses of the fore- 
going embodiments can be sufficiently put into practical use. 

20 In the Uxegomg first and second embodiments, the VHF band is received by one chip antenna or two series-con- 
nected chip antennas, while the UHF t>and is received by one chip antenna. However, the VHF band and the UHF band 
may be more precisely divided into a greater number of bands, sund a plurality of antennas allocated to tiie respective 
bands may be switched by a switch or aduplexer, thereby achieving the receiving operation with even higher sensitivity 
by the tjuilt-in chip antennas. 

ss Moreover, according to the mobile image apparatus of the second embodiment, an extra chip antenna is connected 
in series to the chip antenna provided in the apparatus. However, a linear antenna or a rod antenna may be connected 
to the chip antenna, in which case, advantages similar to those exhibited by the provision of an extra chip antenna may 
be offered. Additionally, since at least one chip antenna is connected, the length of the linear antenna or the rod antenna 
is not required to be increased, which has been conventionally required. Namely, a linear antenna or a rod antenna hav- 

30 ing a length of about 20 cni is merely connected to the chip antenna, thereby obtaining ii\3 gain equivalent to that of a 
conventionally used 75 cm-rod antenna. 

Further, in ttie foregoing entxxliments, the substrate of the chip antenna made of a dielectric material essentially 
consisting of barium oxide, aluminum oxide, and silica is used. However, the substrate is not limited to the above type 
of dielectric material and may be made of a dielectric material essentially consisting of titanium oxide and neodymium 

35 oxide, a magnetic material essentially consisting of nickel, cobalt, and iron, or a combination of a dielectric material and 
a magnetic material. 

Additionally, although only one conductor is provided for a chip antenna, a plurality of conductors positioned in par- 
allel to each other may be provided. In tiiis case, the resulting chip antenna has a plurality of resonant frequencies in 
accordance with the number of conductors, and it is possible to cope with multi bands by using only one chip antenna 
40 ' or one antenna unit. 

Rgs. 8 and 9 are respectively a perspective view and an exploded perspective view illustrating a third en^sodiment 
of a chip antenna of the present invention. A chip antenna 510 Is formed of a rectangular-prism substrate 51 1 having a 
mounting surtoe 61 1 , a conductor 512, a power feeding terminal 513, and a trimming electrode 514 formed generally 
in the shape of a rectangle and provided on the surface of tiie substrate 51 1 . The conductor 512 is spirally wound wittiin 

45 the substrate 51 1 , the winding axis C being positioned in the direction parallel to the mounting surface 61 1 , i.a, in the 
longitudinal direction of the substrate 51 1 . The power feeding terminal 513 is formed over surfaces of the substrate 51 1 
in order to apply a voltage to the conductor 512. The conductor 512 is connected at one end to the power feeding ter- 
minal 513 and at the other end to the trimming electrode 514. With this configuration, a capadtive coupling is generated 
between the trimming electrode 514 and a ground (not shown) of a mobile communication unit on wNch the chip 

so antenna 510 is mounted, and between the trimming electrode 514 and the conductor 512. 

The substrate 51 1 1s fomied by laminating rectangular sheet layers 515a through 51 5c made of a dielectric material 
(relative magnetic permeability: approximately 6.1) essentially consisting of barium oxide, aluminum oxide, and silica. 
Conductor pattems 51 6a through 51 6h fonned In a straight line or generally an L shape and made of copper or a copper 
alloy are provided on the surfaces of the sheet layers 515a and 51Sb by means such as printing, vapor-depositing, lam- 

Bs Inating. or plating. Formed on the ^eet layer 51 5c by means sudi as printing, vapor-depositing, laminating, or plating 
is the trimming electrode 514 generally formed in a rectangle and made of copper or a copper alloy. Further, via-holes 
517 are provided at predetermined positions (at both ends of each of the conductor patterns 51 6e through 51 6g and 
one end of the conductor pattern 516h) on the sheet layer 51 5b and at a predetermined position (the vicinity of one end 
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of the trying electrode 514) on the sheet layer 515c. 

Then, the sheet layers 515a through 515c are laminated and sintered, and the conductor patterns 516a through 
51 6h are connected through flie via-holes 517, ther^y tbrming the conductor 512 having a rectangular shape in wind- 
ing cross section and spirally wound within the substrate 51 1 in the longitudinal direction of the suljstrate 51 1 . Further. 

s the trimming electrode 51 4 generally formed in a rectangle is formed on the surface of the substrate 51 1 . 

One end of the conductor 512 (one end of the conductor pattern 516a) is led to the surface of the substrate 51 1 so 
as to fomn a power supply section 518 and is connected to the power feeding terminal 513 which is provided over the 
surfaces of the substrate 51 1 to apply a voltage to the conductor 512. The other end of the conductor 512 (one end of 
the conductor pattern 51 6h) is connected to the trimming electrode 514 through the via-hole 517 within the substrate 

10 511. 

Figs. 10 and 1 1 are respectively perspective views illustrating examples of modifications made to the chip antenna 
shown in Fig. 8. A chip antenna 510a shown in Fig. 10 is formed of a rectangular-prism sutjstrate 51 la. a conductor 
512a. a power feeding terntinal 513a. and a trimming electrode 514a generally formed in the shape of a rectangle. The 
conductor 512a is spirally wound along the surfaces of the substrate 51 1 in the longitudinal direction of the substrate 

IS 51 1 . The power feeding terminal 51 3a is provided over the surfaces of the substrate 51 1 in order to apply a voltage to 
the conductor 51 2a and is connected to one end of the conductor 512a. The trimming electrode 514a generally formed 
in a rectangle is provided within the substrate 511 and is connected to the other end of the conductor 512a. With the 
above configuration, a capacitive coupling is formed between the trimming electrode 51 4a and a ground (not shown) of 
a mobile communication unit on which the chip antenna 510a is mounted, and between the fa-imnvng electrode 514 and 

20 the conductor 51 2a. In this modification, the conductor is easy to spirally form on the surfaces of a sitetrate by means 
such as saeen printing, thereby simplifying the manufacturing process o1 the chip antenna. 

A chip antenna 510b shown in Rg. 1 1 is formed of a rectangular prsm substrate 51 lb, a meandering conductor 
512b formed on the surface (one main surface) of the substrate 511b, a power feeding terminal 513b, and a trimming 
electrode 514b formed generally in a rectangle. The power feeding terminal 513b Is disposed over the surfaces of the 

25 substrate 51 lb in order to apply a voltage to the conductor 512b and is connected to one end of the conductor 51 2b. 
The trimming electrode 514b is formed on the surface of the sibstrate 51 1b and is connected to the other end of the 
conductor 512b. With the above configuration, a capacitor element is formed between the trimming electrode 5l4b and 
a ground (not shown) of a mobile communication unit on which the chip antenna 510b is mounted, and between the 
trimming electrode 514b and the conductor 512b. In this modificatiai, since a meandering conductor is formed only on 

30 one main surface of the substrate, the height of the sut}strate becomes smaller, thereby decreasing the height of the 
chip antenna. It should be noted that a meandering conductor may be provided within the substrate. 

Fig. 12 is a perspective view illustrating a fourth embodiment of a chip antenna of the present invention. A chip 
antenna.520 differs from the chip antenna 510 in that a trimming elecfrode is provided within a substrate. More specif- 
ically, the chip antenna 520 is formed of a rectangular prism substrate 51 1. a conductor 512 spirally wound within the 

35 substrate 51 1 in the longitudinal direction of the substrate 51 1 ; a power feeding terminal 51 3. and a trimming electrode 
521 generally formed in a rectangle. The power feeding terminal 513 is provided over surfaces of the substrate 51 1 in 
order to apply a voltage to the conductor 51 2 and is connected to one end of the conductor 51 2. The trimming electrode 
521 is provided witftin the substrate 511 and is connected to the other end of the conductor 512. With the above con- 
struction, a capacitive coupling is formed between the trimming electrode 521 and a ground (not shown) of a mc^ile 

40 communication unit on which the chip antenna 520 is mounted and between the trimming electrode 521 and the con- 
ductor 512. 

According to the manufcicturing method for the trimming electrode 521 . in a chip antenna, such as the one shown 
in Rg. 9. the trimming electrode 521 is formed togeOier with the conductor pattems 51 6e through 51 6g on the surface 
of the sheet layer 51 5b. 

45 Fig. 1 3 illustrates the relationship between the measured area S (mm^) of the trimming electrode and the resonant 
frequency f (GHz) of the chip antenna. The relative dielectric constant of a dielectric material for the substrate is approx- 
imately 6.1. 

Rg. 1 3 reveals that an increase in the area of the trimming electrode decreases the resonant frequency. More spe- 
cifically, a trimming electrode having an area of al>out 16.8 (mm^) is formed on a chip antenna having a resonant fre- 
50 quency of about 880 (MHz), thereby reducing the resonant frequency to be approximately 61 5 (MHz). 

A method for adjusting the resonant frequency in the manufacturing process for actual products is explained as an 
example by refen-ing to the chip antenna 51 0 of the first embodiment. A trimming electrode 51 4 having a predetermined 
area is cut by laser, as illustrated in Fig. 14. thereby decreasing the area of the trimming electrode 514 and increasing 
the resonant frequency of the chip antenna 510. 
55 In a chip antenna, such as the one 520 shown in Rg. 12. the trimming electrode 521 formed within the substrate 
51 1 is cut together with the sUsstrate 51 1 . 

The foregoing adjustment for the resonant frequency is explained below by u^ng an equation. When the induct- 
ance component of the conductor is indicated by L. and a capacitive coupling generated between the end of the con- 
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ductor connected to the trimming electrode and a ground of a mobile communicatioi unit on which the chip antenna is 
mounted is represented by C1. a capacitive conJling generated between the trimming electrode and a ground of the 
mobile communication unit on which the chip antenna is mounted is designated by C2. and a capacitive coupling gen- 
erated between the trimming electrode and the conductor is indicated by C3, the resonant frequency f is expressed by 
5 the following equation. 

/ = ^ Mathematical equation 1 : 

2nJL{C^ + C2 + C3) 

10 

Consequently, the area of the trimming electrode is decreased to reduce the capacitive couplings C2 and C3, 
thereby increasing the resonant frequency f. 

According to ttie configuration of each of the chip antennas of flie foregoing third and fourth embodiments, a trim- 
mine electrode connected to the other end of the conductor is provided. This makes it possible to form a capacitive cou- 

is plino oetween the trimming electrode and a conductor and between the trimming electrode and a ground of a mobile 
communication unit on which the chip antenna is mounted. Accordingly, by adjusting the area of the trimming electrode, 
the capacitive coupling of the chip antenna is adjustatHe, thereby enabling the adjustment of the resonant frequency of 
the chip antenna. As a consequence, the resonant frequency is easily adjustable in the manufacturing process of the 
chip antenna, thereby improving the yield of the chip antenna. 

20 Fig. 15 is a perspective view illustrating a fifth emlxxdiment of a chip antenna of the present invention. A chip 
antenna 530 is different from the chip antenna 510 in that a trimming electrode is coated with a resin layer. More spe- 
cifically, the chp antenna 530 is formed of a rectangular prism substrate 51 1 , a conductor 512 spirally wound within the 
substrate 51 1 in the longitudinal direction of the substrate 51 1 , a power feeding terminal 51 3, a trimming electrode 51 4 
formed generally in a rectangle, and a resin layer 531 covering the trimming electrode 514. The power feeding terminal 

25 513 is formed over surfaces of the substrate 51 1 in order to apply a voltage to the conductor 512 and is connected to 
one end of the conductor 51 2. The trimming electrode 514 is provided within the substrate 51 1 and is connected to the 
other end of the conductor 512. 

According to the configuration of the chip antenna of the above-described third embodiment, the trimming electrode 
is covered with a resin layer, thereby improving environment-resistance characteristics and further enhancing the retia- 

30 bility of the chip antenna. 

In the foregoing chip antennas, the substrate of the chip antenna or the sulDstrate of the antenna unit is made of a 
dielectric material essentially consisting of barium oxide, aluminum oxide, and silica. However, the substrate is not 
restricted to the above type of dielectric material, and may be made of a cfielectric material essentially consisting of tita- 
nium oxide and neodymium oxide, a magnetic material essentially consisting of nickel, cobalt and iron, or a combination 

35 of a dielectric matea-ial and a magnetic material. 

AKhough only one conductor is provided for tiie foregoing embodiments, a plurality of conductors located in parallel 
to each ottier may be provided. In tiiis case, the resulting chip antenna has a plurality of resonant frequencies in accord- 
ance with the number of conductors, thereby maWng it possible to cope with multi bands in one chip antenna or in one 
antenna unit. .. 

40 Moreover, atthough in the foregoing embodiments, the trimming electo-ode isformed generally in the shape of a rec- 
tangle. It may be linear, or formed generally in tiie shape of a circle, an ell^jse, a a polygon. Alternatively, tiie trimming 
electrode may be formed in an Internally hollowed-out shape, a comb-like shape, or a grotp-like shape, as shown in 
Rgs. 9(a) through 9(c), respectively 

Furtiier. in the foregdng embodiments, the conductor is formed within or on the surface of tiie substrate. However, 
45 a spiral or meandering conductor may be formed botti on a surface and witiiin the substrate. 

A laser is used to cut tiie trimming electrode. Additionally, a sandblaster or a toother may be used. 
Fig. 1 7 shows a partial top plan view of a sixtti embodiment of an antenna apparatus of the present invention, which 
can be utilized for the mobile image apparatus of tiie present invention. An antenna apparatus 710 comprises chip 
antennas 81 1 and 812 provided witti a power feeding terminal 701 and a free terminal 702. a chip coil 712. which is an 
so inductance element, and a mounting substrate 714 having lands 831 to 833 formed on its surface. 

Then, ttie power feeding terminal 701 of tiie chip antenna 81 1 is connected to one end of the land 831 . and ttie free 
terminal 702 of the chip antenna 81 1 is connected to one end of ttie land 832. Furtiier. one end of the chip coD 712 is 
connected to the other end of the land 832. and ttie ottier end of ttie cNp coil 712 is connected to one end of flie land 

S5 Furtiiemiore. ttie power feeding terminal 701 of ttie chip antenna 81 2 is connected to the other end of the land 833. 
The other end of tiie land 831 is connected to ttie high-frequency circuit section RF of a portable video apparatus (not 
shown) in which the antenna apparatus 710 is mounted. 

That is. the construction is formed such ttiat ttie chip antenna 81 1 . ttie chip coil 712. and tiie chip antenna 812 are 
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connected in series between the high-frequency circuit section RF, and a ground, for example, the case body of the 
portable video apparatus (not shown) in which the antenna apparatus 710 is nraunted. 

In the antenna apparatus shown in Rg. 1 7, the chip antenna stiown in Figs. 2. 3. 5 and 6 can be applied as the chip 
antennas 81 1 and 81 2. 

s Fig. 18 shows the frequency characteristics of the antenna apparatus 710 of Rg. 1 7. At this point, the resonance 
frequencies of the chip antenna 81 1 1s 387.2 MHz, the resonance frequency of the chip antenna 812 is 81 4.5 MHz, and 
the inductance value of the chip coil 812 is 220 nH. 

It can be seen from Fig. 18 that the antenna aiparatus 710 has three resonance frequencies of 233.1 MHz (la in 
Rg. 18), 463.8 MHz (lb in Fig: 18), and 722.9 MHz (1c in Rg. 18), and a wider band of the antenna apparatus 710 has 

10 been realized. That s, the band of the antenna apparatus 710 is in a range of 233.1 to 722.9 MHz, making it possible 
to receive a VHF band and a UHF band. 

The dimensions of the chip antenna 811, which forms the antenna apparatus 710, capable of obtaining the fre- 
quency characteristics of Fig. 18, are 10 x 6.3 x 3.4 mm, and the dimensions of the chip antenna 812 are 8 x 5 x 2.5 
mm; the length o1 the whole of the antenna apparatus 710 is therefore about 20 to 30 mm. Hence, in the range of the 

IS VHF t>and and the UHF band, the size of the antenna apparatus is reduced to 1/30 to 1/40 that of the conventional 
monopole antmna. 

According to the above-described antenna apparatus of the sixth embodiment, since two chip antennas are used 
having conductors formed on the surface of the substrate and/or within the substrate formed of ^ther one of a dielectric 
material and a nmgnetic material, the propagation speed becomes slow, £md a shortening of the wavelength occurs. 
so Therefore, if the specific dielectric constant of the siisstrate is denoted as e, the effective line length becomes e"*^ times, 
which is longer than the effective line length of a conventional monopole antenna. As a result, if it is at the same effec- 
tive line length), it becomes far smaller than the conventional monopole antenna, mailing H possible to easily mount the 
chip antennas within the case fc>ody. Therefore, the antenna apparatus does not protrude from the case body even dur- 
ing reception. 

23 Furttier. since two chip antennas having a different resonance frequency are connected in series to each other via 
a chip coil, the antenna apparatus possesses three different resonance frequencies, and a wider band of the antenna 
apparatus can be realized. Therefore, a small antenna apparatus having a size 1/30 to 1/40 tliat of the conventional 
monopole antenna is capable of receiving the VHF band and the UHF band. As a result, even during reception, the 
antenna apparatus can be mounted in a portable video apparatus, and a stable portable video apparatus can be 

30 obtained. 

Rg. 19 shows a partial top plan view of a seventh emtxxliment of the antenna £ipp>aratus of the present invention. 
An antenna apparatus 720 comprises chip antennas 21 1 to 213 provided with a power feeding terminal 701 and a free 
terminal 702, a trimmer capacitor 722, which is a variable capacitance element, and a mounting substrate 724 having 
lands 231 to 235 formed on its surface. 

35 The power feeding terminal 701 of the chip antenna 21 1 is connected to one end of the land 231 , and the free ter- 
minal 702 Of the chip antenna 21 1 is connected to one end of the land 232. Further, the power feeding terminal 701 of 
the chip antenna 212 is connected to the other end of the land 232, and the free terntinal 702 of the chip antenna 212 
is connected to one end of the land 233. 

Further, the power feeding terminal 701 of the chip antenna 213 is^connected to the other end of the land 233, and 

40 the free terminal 702 of the chip antenna 21 3 is connected to one end of the land 234. Further, one end of the trimmer 
capadtor 722 is connected to the other end of the land 234, and the other end of the trimmer capacitor 722 is connected 
to one end of the land 235. 

Further, the other end of the land 231 is connected to the high-frequency circuit section RF of a portable video 
apparatus (not shown) in which the antenna apparatus 720 is mounted, and the other end of the land 235 is connected 
45 to a ground, for example, the case body of the portable video apparatus (not shown) in which the antenna apparatus 
720 is mounted. 

That is, the construction is formed such tiiat the chip antenna 21 1 , the chip antenna 21 2, the chip antenna 213, and 
the trimmer capacitor 722 are connected in series tsetween the high-frequency circuit section RF, and a ground, for 
example, the case body of the portable video apparatus (not shown) in which the antenna apparatus 720 is mounted. 
so Fig. 20 shows the frequency characteristics of ttie antenna appetratus 720 of Fig. 19. At this point, the resonance 
frequency of the chip antenna 21 1 is 875.0 MHz. the resonance frequency of the chip antenna 212 is 540.0 MHz, the 
resonance frequency of the chip antenna 213 is 231 .1 MHz. arKi the capacitarKe value of the trimmer capacitor 722 is 
0.5 pR 

It can be seen from Fig. 20 that the antenna apparatus 720 has three resonance frequencies of 120.3 MHz (2a In 
65 Rg. 24), 360.9 MHz (2b in Fig. 24). and 688.4 MHz (2c in Fig. 24). and a wider band of the antenna apparatus 720 has 
been realized. That is. the band of the antenna apparatus 720 is in a range of 1 20.3 to 688.4 MHz. 

Rg. 21 shows the frequency chvacteristics in the case where the capacitance value of the trimmer capacitor 722 
is 1 .5 pF in the antenna apparatus 720 of Fig. 1 9. It can be seen from Fig. 21 that the antenna apparatus 720 has three 
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resonance frequencies of 91.0 MHz (3a in Fig. 21), 360.9 MHz (3b in Rg. 21), and 688.4 MHz (3c in Fig. 21). That is. 
the band is in a range of 91 .0 to 688.4 MHz, and increasing the capacitance value of the trimmer capacitor 722, it is 
possible to move only the lowest resonance frequency to 91.0 MHz wthoul mwing the other resonance frequencies. 
As a result, the antenna apparatus 710 is capable of receiving a lower frequency range. 

According to the above-described antenna apparatus of the seventh embodiment, since three chip antennas are 
connected in series and a trimmer capacitor is connected in series to the free terminal of the third chip antenna, by var- 
ying the capacitance value of the trimmer capacitor, it is possible to move only the lowest resonance frequency without 
mowng the other resonance frequencies. As a result, since the antenna apparatus is capable of receiving a lower fre- 
quency range, the portable video apparatus in which the antenna apparatus is mounted is capable of receiving a lower 
frequency range. 

Fig. 22 shows a partial top plan view of a eighth embodiment of the antenna ^sparatus of the present invention. An 
antenna apparatus 730 comprises chip antennas 31 1 to 314 provided with a power feeding terminal 701 and a free ter- 
minal 702, and a plating wire 732, which Is a radation conductor, and a mounting sibstrate 734 having lands 331 to 
335 formed on its surface. 

The power feeding terminal 701 of the chip antenna 311 is connected to one end of the land 331 , and the free ter- 
minal 702 of the chip antenna 31 1 is connected to one end of the land 332. Further, the power feeding terminal 701 of 
the chip antenna 312 is connected to the other end of the land 332. and the free terminal 702 of the chip antenna 312 
is connected to one end of the land 333. 

Further, the power feeding terminal 701 of the chip antenna 313 is connected to the other end of the land 333, and 
the free terminal 702 of the chip antenna 314 is connected to one end of the land 334. Further, the power feeding ter- 
minal 701 of the chip antenna 314 is connected to the other end of the land 334. and the free terminal 702 of the chip 
antenna 3 1 4 is connected to one end of the land 335. 

Further, the other end of the land 331 is connected to the high-frequency circuit section RF of a portable video 
apparatus (not shown) in which the antenna apparatus 730 is mounted, and the plating wire 732 is connected to the 
other end of the land 335. 

That is. the construction is formed such that the chip antenna 31 1 . the chip antenna 31 2. the chip antenna 31 3. the 
chip antenna 314. and the plating wire 732 are connected in series between the high-frequency circuit section RF. and 
a ground, for example, the case body of the portable video apparatus (not shown) in which the antenna apparatus 730 
is mounted. 

Fig. 23 shows the frequency characteristics oi Ihe antenna appa-alus 730 of Fig. 26. At this point, the resonance 
frequency of the chip antennas 31 1 to 313 is 875.0 MHz. the resonance frequency of the chip antenna 314 is 1.240 
GHz. and the length of the plating wire 372 is 20 cm. 

It can be seen from Fig. 23 that the antenna apparatus 730 has four resonance frequencies of 187.6 MHz (4a in 
Fig. 23). 481 .6 MHz (4b in Fig. 23), 648.2 MHz (4c in Fig. 23). and 748.8 MHz (4d in Fig. 23), and a wider band of the 
antenna apparatus 730 has been realized. That is. the band of the antenna apparatus 730 is in a range of 187.6 to 
748.8 MHz. 

According to the above-described antenna apparatus of the eighth embodiment, since the plating wire, which is a 
radiation conductor, is connected to the free terminal of the fourth chip antenna and the plating wire functions as a part 
of the antenna apparatuSi the radiation area of the antenna apparatus is not deaeased. Therefore, even if the chip 
antenna is formed into a smaller size, the gain of the antenna apparatus can be maintained without being decreased. 

Fig. 24 shows a partial top plan view of a ninth emt>odiment of the antenna apparatus of the present invention. An 
antenna apparatus 740 differs from the antenna apparatus 730 of the third embodiment In that a series circuit of a 
capacitor 741, which is a capadtance element, and a diode 742. which is a switching element, is connected between 
the land 334 between the free tenninal 702 of the third dtvp antenna 31 3 and the power feeding terminal 701 of the ninth 
chip antenna 31 4. and the ground, and a control voltage Vc of the diode 742 is connected to the connection point of the 
capacitor 741 and the diode 742 via a resistor 743. 

Rg. 25 shows the frequency characteristics in the case where the diode 742 is turned off, that is, the diode 742 is 
short-circuited in the antenna apparatus 740 of Fig. 24. It can be seen from Fig. 25 that the antenna apparatus 740 has 
four resonance frequencies of 169.1 MHz (5a in Fig. 25), 471.4 MHz (5b in Fig. 25). 615.1 MHz (5c in Fig. 25). and 
748.1 MHz (5d in Fig. 25). and the respecfive resonance frequencies are moved to low frequencies. That is, the band 
of the antenna apparatus 740 is in a range of 169. 1 to 748. 1 MHz. The reason for this is that since the capacitance com- 
ponents of the entire antenna apparatus 740 are increased by the capacitance value of the capacitor 741 , the band is 
moved to low frequencies. 

Fig. 26 shows the frequency characteristics in the case where the diode 742 is turned on in the antenna apparatus 
740 of Fig. 24. It can be seen from Rg. 26 that the antenna apparatus 740 has three resonance frequencies of 108.3 
MHz (6a in Fig. 26). 572. 1 MHz (6b in Fig. 26). and 744.6 MHz (6c in Fig. 26). and the respective resonance frequencies 
are moved to low frequencies. ThsA is. the band of the antenna apparatus 740 is in a range of 108.3 to 744.6 MHz. The 
reason for this is that since the capacitance components of the entire antenna apparatus 740 are increased more by 
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the capacitance value of the capacitor 741 and the diode 742, the band is moved to lower frequencies. 

Here. Table 1 shows the sensitivity difference between 0ie antenna apparatus 740 of Rg. 24 and the conventional 
monopde antenna 452 (Fig. 29) in ich to 12ch (VHF band), which are the channels of a conventional television, and in 
13chto62ch(UHFband). 



Table 1 



Sensitivity Difference [dB] between Antenna Apparatus 740 
and Monopole Antenna 780 (Antenna Apparatus 740 - 
Monopole Antenna 780) 


ich 


0 


14ch 


0 


3ch 


0 


20ch 


0 


4ch 


0 


26ch 


0 


5ch 


1 


31di 


1 


6ch 


2 


35ch 


1 


8ch 


1.5 


41ch 


1 


lOch 


1.5 


46ch 


1 


llch 


1 


54ch 


0 


12ch 


0 


61ch 


0 



It can be seen from Table 1 that as a result of receiving higher frequencies of the VHF band, and a UHF band when 
the diode 742 is off and receiving lower frequencies of the VHF band when the diode 742 is on. the sensitivity difference 
between the antenna apparatus 740 and the conventional monopole antenna 780 is in a range of 0 to 2 [dB], and the 
sensitivity of the antenna apparatus 740 and that of the conventional monopole antenna 780 are nearly equal. 

According to the above-described antenna apparatus of the ninth embodiment, since a series circuit of the capac- 
itor and the diode is connected between the free terminal of the third chip antenna and the power feeding terminal of 
the fourth chip antenna, the tand of the antenna apparatus can be moved to low frequencies. 

Further, by varying the capacitance value of the capacitor to a desired value, the band of the antenna apparatus 
can be a desired value. 

Further, by turning on/off the diode, the k>and of the antenna apparatus can be moved. Therefore, it becomes pos- 
sible for one antenna apparatus to be provided with a plurality of Ijands, and as a result, a portable video apparatus in 
which this one small antenna apparatus is mounted becomes capable of receiving a signal of a wide range of frequen- 
cies, for example, a VHF band and a UHF band at a sensitivity equal to that of the conventional monopole antenna. 

Fig. 27 shows a partial top plan view of a tenth embodiment of the antenna appsu'atus of the present invention. An 
antenna apparatus 750 differs from the antenna apparatus 730 of the eighth embodiment in that, one end of the land 
331 , which Is connected to the power feeding terminal 701 of the first chip antenna 31 1 at the other end, is connected 
via a coaxial cable 751 to the high-frequency circuit section RF of a portable video apparatus (not shown) in which the 
antenna apparatus 750 is mounted. 

According to the above-described antenna apparatus of the tenth embodiment, since a coaxial cable is connected 
to the power feeding terminal of the first chip antenna, when digital noise is generated from the portable video appara- 
tus in which the antenna apparatus is mounted, a shielded coaxial cable cuts off the digital noise. Therefore, it is pos- 
sifcrfe to prevent the antenna apparatus from receiving digital noise from the portable video apparatus in which the 
antenna apparatus is mounted. 

Although in the above-described emtxxiiments a case is described in which the substrate of the chip antenna is 
formed of a dielectric material having barium oxide, aluminum oxide, and silica as main constituents, the substrate is 
not limited to this dielectric material, and a dielectric material having titanium oxide, and neodymium odde as main con- 
stituents, a magnetic material having nickel, cobalt, and iron as main constituents, or a coirdsination of a dielectric mate- 
rial and a magnetic material may be used. 

Although a case in which the number of conductors of the chip antenna is one is described, the chip antenna may 
have a plurality of conductors disposed in parallel to each other. In this case, it becomes possible to have a plurality of 
resonance frequencies according to the number of conductors, and an antenna apparatus having a wider band can be 
realized. 

Further, although a case is described in which the conductors of the chip antenna are formed within the substrate 
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or on the surface of the substrate, comparable advantages can be obtained ei^en if they are formed within the substrate 
and on the surfcice of the substrate. 

Further, the chip antennas shown in Figs. 8 to 12 and 14 to 16 are also applicable to the antenna apparatus shown 
in Fig. 1 7. Fig. 1 9. Fig. 22. Fig. 24 and Fig. 27 instead of the chip antennas shown in Figs. 2, 3, 5 and 6. 

While the invention has been particularly shown and described with reference to preferred embodiments thereof, it 
win be understood by those skilled man in the art that the forgoing and other changes in form and details mcy be made 
therein without departing from the spirit of the invention. 

Claims 

1. A mobile image apparatus {10; 20), comprising: 

a case unlt(li); 

at least one antenna (12, 12a. 12b; 12, 21; 510, 510a, 510b; 520; 530; 811. 812; 211-213; 311-314) disposed 
at least one of within said case unit (1 1) and outside said case unit (11); wherein 

said chip antenna (12, 12a. 12b; 12, 21; 510, 510a. 510b: 520; 530; 811, 812; 211-213; 311-314) comprises: 

a substrate (1 . 1 a. lb; 51 1 . 51 1 a. 51 lb; 71 4; 724; 734) made of at least one of a dielectric material and a 
magnetic material; 

at least one conductor (2. 2a, 2b; 512. 512a. 512b) disposed at least one of within said substrate (1,1a, 
lb; 511. 511a. 511b; 714, 724; 734) and on a surface of said substrate (1 . la, lb; 511, 511a. 511b; 714; 
724; 734) 

at least one power feeding terminal (3, 3a. 3b; 22; 513, 513a, 513b; 701) disposed on a surface of said 
substrate (1. la. lb; 511. 511a. 511b; 714; 724; 734) and connected to one end of said conductor (2. 2a, 
2b; 512. 512a, S12b) for applying a voltage to S£ud conductor (2. 2a, 2b; 512, 512a. 512b). 

2. The mobile image apparatus (10; 20) according to claim 1. wherein said chip antenna (12. 12a. 12b; 12. 21; 510. 
510a. 510b; 520; 530; 81 1. 812; 21 1-213; 31 1-314) further comprises at least one free terminal (4. 4a. 4b; 514. 
514a. 514b; 521 ; 702) disposed on a surface of said substrate (1,1a. lb; 51 1. 51 la. 51 lb; 714; 724; 734) and con- 
nected to the other end of said conductor (2. 2a. 2b; 512, 512a, 512b). 

3. The mobile image apparatus (20) according to claim 2, wherein an extra antenna (21) is connected to one of said 
power feeding terminal (22) and said free terminal (4). 

4. The mobile image apparatus (10; 20) according to daim 1 . wherein a plurality of said chip antennas (1 2, 1 2a, 1 2b; 
12. 21 ; 510, 510a, 510b; 520; 530; 81 1. 812; 21 1-213; 311-314) are provided in accordance with receiving frequen- 
cies. 

5. ' me mobile image apparatus (10; 20) according to daim 2, wherein a plurality of said chip antennas (12. 12a. 12b: 

12, 21 : 510. 510a. 510b: 520: 530: 81 1. 812: 211-213: 31 1-314) connected to each other are provided. 

6. The mobile image apparatus (10: 20) according to daim 5, wherein said plurality of chip antennas (1 2, 1 2a. 1 2b: 
12, 21; 510, 510a, 510b: 520; 530: 811, 812; 211-213; 311-314) are connected in series by connecting their 
respective free temtinals (4, 4a, 4b; 514, Sl4a, 514b: 521; 702) to power feeding terminals (3, 3a, 3b; 22; 513, 
513a, 513b; 701). 

7. The mobile image apparatus (1 0: 20) according to daim 6, wherein at least one variable capacitance element (722) 
is connected to said free terminal (702) of the chip antenna (213). 

8. The mobile image apparatus (10: 20) according to daim 7, wherein one of said variable capacitance elements 
(722) is connected to said free terminal (702) of the chip antenna (213) at the final stage of said plurality of chip 
antennas (21 1 -213) which are connected to each other in series. 

9. The mobile image apparatus (10; 20) according to daim 6. wherein a radiation conductor (732) is connected to said 
free terminal (702) of the chip antenna (314) at the final stage. 



10. The mobile image apparatus (10; 20) according to daim 6. wherein a capadtance element (741) is connected 
between at least one of the connection points of said free terminal (702) and said power feeding terminal (701), and 
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a ground. 

11. The mobile image apparatus (10; 20) according to daim 10, wherein a switching element (742) is connected in 
series to said capacitance element (741). 

1 2. The mobile tmage apparatus (10; 20) according to claim 6. wherein a coaxial C£d3le (751) is connected to the power 
feeding temiinal (70 1 ) of the chip antenna (3 1 1 ) at the first stage of said plurality of chip antennas (31 1-314) which 
are connected to each other in series. 

1 3. The mobile image apparatus (1 0; 20) according to claim 1 , wherein said chip antenna (510; 520; 530) further com- 
prises a trimming electrode (514, 514a, 514b; 521) disposed at feast one of within said substrate (51 1) and on a 
surface of said substrate (511) and connected to the other end of said conductor (512, 512a, 512b). 

14. The nfK)bile image apparatus (10; 20) according to claim 13, further comprising a resin layer (531) covering said 
trimming electrode (514). 

15. The mobile image apparatus (10; 20) according to claim 13, wherein: 

said substrate (511) is formed by laminating a plurality of layers (515a-c) together, the layers (515a-c) each 
having a major surface (515c); and 

said trimming electrode (514) is disposed on one of the major surteces (515c) of said layers (515a-c). 

16. The mobile image apparatus (10; 20) according to claim 13, wherein: 

said sut>strate (51 1) is formed t>y laminating a plurality of layers (515a-c) together, the layers (515a-c) each having 
a major surface (51 5c) and the substrate (51 1) having a laminating direction normal to the major surface (515c); 
and 

said conductor (512) are spiral shaped and having a spiral axis disposed perpendicular to the laminating direc- 
tion of said substrate (51 1). 

17. The mobile image apparatus (10; 20) according to claim 14, wherein: said conductor (512b) is formed in a plane 
on one of a surface of the substrate (51 lb) in a meander shape. 

18. An antenna apparatus (710; 720; 730; 740; 750). contprising: 

a plurality of chip antennas (81 1 . 812; 21 1-213; 31 1-314) connected to each other and having a different res- 
onance frequency respectively, each of said chip antennas (81 1 , 812; 21 1-213; 31 1-31 4) conprising: 
a substrate (714; 724; 734) made of at least one of a dielectric material and a magnetic material; 
at least one conductor disposed at least one of within said substrate (714; 724; 734) and on a surface of said 
substrate (714; 724; 734); 

at least one power feeding terminal (701) disposed on a surface of said substrate (714; 724; 734) and con- 
nected to one end of said conductor for applying a voltage to said conductor; and 

at least one free terminal (702) disposed on a surface of said substrate (714; 724; 734) and connected to the 
other end of said conductor. 

19. The antenna apparatus (710; 720; 730; 740; 750) according to daim 18, wherein said plurality of chip antennas 
(81 1, 812; 211-213; 311-314) are connected in series by connecting their respective free terminals (702) to power 
feeding terminals (701). 

20. The antenna apparatus (720) according to claim 19, wherein at least one variable capacitance element (722) is 
connected to said free terminal (702) of the chip antenna (213). 

21. The antenna apparatus according to claim 20, wherein one of said variable capacitance elements (722) is con- 
nected to said free terminal (702) of the diip antenna (2 1 3) at the final stage of said plurality of ch'p antennas (211- 
213) which are connected to each other in series. 



22. The antenna apparatus (730) according to claim 19, wherein a radiation conductor (732) is connected to said free 
terminal (702) of the chip antenna (314) at the final stage. 



EP0 863 571 A2 



23. The antenna apparatus (740) according to daim 19, wherein a capacitance element (741) is connected between 
at least one of the connection points of said free terminal (702) and said power feeding terminal (701), and a 
ground. 

5 24. The antenna apparatus (740) according to daim 23, wherein a switching element (742) is connected in series to 
said capadtance element (741 ). 

25. The antenna apparatus (750) according to claim 19, wherein a coaxial cable (751) is connected to the power feed- 
ing terminal (701) of the chip antenna (31 1) at the first stage of said plurality of chip antennas (31 1-314) which are 
10 connected to each other in series. 
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